






















?????? ???? ????????????????????????????????????????? ????????????????? ??????
???? ???? ???????? ????????? ?????????? ???? ????????? ???????? ????? ?????? ????? ???? ????
?????????????????????????????????????????????????????????????????????????????????????
????????????????????????????????????????????????????





















??????? ????? ????? ???? ?????? ?????????? ??????? ????? ????? ????????? ??? ????????? ????
????????????????????? ???? ??????????????? ?????????????????????????????????????
???????????? ??? ????? ??? ????????? ???? ?????? ????????? ???? ???? ????????? ??????? ???
?????????? ??????????? ??? ?????????? ??? ???????????????? ?????? ??????????? ???? ?????? ??????





????????? ??????? ?????? ???????????? ?????? ????????? ?????? ??????? ??????????
?????? ??????? ????????????? ???????? ???????????????????? ????? ??????? ?????????????
??????????????????????????????????????????????????????????????????????????????????
??????? ????? ????????? ?????????? ????????????? ?????????? ????????? ?? ??????????
??????? ????? ??????? ????????? ??????? ?????????? ??????? ??????? ???????????? ?????
?????????????????????????????????????????????????????????????????????????? ??????
?????????? ????????? ??????? ????? ?????????? ??? ????? ??? ???????? ????????? ??????????
????? ??????????? ?????????? ???? ????? ????? ?????? ??????????? ??????????? ??????????
????????????????????????????????????????????????????????????????????????????
??????? ?????????? ????? ??????? ????????????? ????? ???????? ? ??????????? ???????
?????????? ????? ?????????? ???? ?????? ???????? ????? ?????? ????????????? ??????? ?????
???????????? ?????? ??????? ??????? ??????? ????????? ???? ????????? ????? ??????????
?????????? ? ???? ?????? ??????? ????? ???????????? ?????? ??????? ???? ?????? ????????
?????????????? ??????? ?????????? ????? ??????? ????????????? ????? ?????? ????? ???













? ???????? ??????????? ????
? ??????? ????????? ???
? ??????? ?????????? ??





















? ???? ??????????????? ??????? ??







? ?????????????????????? ??????? ???
? ????????????????????????????????? ???
? ???????? ???????????????????????? ???
? ???????????????????????????????? ???
? ????????????????????????????????? ???
? ????????????????????? ??????? ???







? ??????????????????????????????????????? ?????? ???
? ???????????????????????????????????????? ???
? ????????????????????????????????????? ?????? ???





? ??????????? ???????????? ???














?????????? ? ? ? ?????? ? ? ? ??????????
?
?
???? ? ???????????????????????????????????????????????? ? ? ???
???? ? ????????????????????????????????????????????????? ? ? ???
???? ? ??????????????????????????????????????????????????
?????????????????????? ? ? ? ? ? ? ???
???? ? ?????????????????????????????????????????????????
?? ? ??????????????????????? ? ? ? ? ? ? ???
???? ? ??????????????????????????????????????????????????
???????????????????????? ? ? ? ? ? ???
???? ? ????????????????????????????????????????????????? ? ? ???
?????????????????????????????????????????????????????????????????????????????????????? ???
???? ? ????????????????????????????????????????????????????????????????
??????????????????????? ? ? ? ? ? ? ???
???? ? ?????????????????????????????????????????????????????????????????
??????????????????????? ? ? ? ? ? ? ???
???? ? ?????????????????????????????????????????????????????????????????
















?????????? ? ? ? ?????? ? ? ? ??????????
?
???? ? ???????????????????? ? ? ? ? ? ??? ???
???? ? ???????????????????????????????????????????????????????????? ???
???? ? ??????????????????????????????????????????????????????????????
??????????????????????????? ? ? ? ? ? ???
???? ? ???????????????????????????????????????????????????????? ? ???
???? ? ???????????????????????????????????????????????????? ? ???
???? ? ????????????????????????????????????????????????????????? ? ???
???? ? ?????????????????????????????????????????????????????? ? ???
???? ? ????????????????????????????????????????????????????? ? ???
???? ? ?????????????????????????????????????????????????????
?????????????? ? ? ? ? ? ? ? ???
????? ? ?? ???????????????????????? ? ? ? ? ? ???
????? ? ???????????????????????????? ? ? ? ? ? ???
????? ? ???????????????????????????? ? ? ? ? ? ???
????? ? ???????????????????????????????????? ? ? ? ???
????? ? ????????????????????????????????????????????? ? ? ???
????? ? ??????????????????????? ? ? ? ? ? ???
????? ? ??????????????????????????????????????????? ? ? ???
????? ? ?? ???????????? ? ? ? ? ? ? ? ???
????? ? ?????????????????? ? ? ? ? ? ? ???
????? ? ?????????????????? ? ? ? ? ? ? ???
????? ? ?????????????? ? ? ? ? ? ? ? ???
????? ? ?????????????? ? ? ? ? ? ? ? ???
????? ? ??????????????????????????????? ? ? ? ? ???




????? ? ??????????????????????????? ? ? ? ? ? ???
???? ? ??????????????????????????????????????????????????? ? ? ???
???? ? ????????????????????????????????????????????????? ? ? ???
???? ? ?????????????????????????????????????????????????? ? ? ???
???? ? ??????????????????????????????????????????????????? ? ???
???? ? ????????????????????????????????????????????????????????????????? ???
???? ? ???????????????????????????????????????????????????????????? ???
???? ? ???????????????????????????????????????????????????????????? ???
???? ? ???????????????????????????????????????????????????????????? ???






































????????? ? ? ?????????? ? ? ? ? ?????????
?
?? ? ???????????????????? ? ? ? ? ???
?? ? ???????????? ? ? ? ? ? ? ??




In electrical power systems, permanent faults manifest in some sort of 
damage that must be repaired before restoration of supply. The process of restoration 
can become faster if the exact fault location is known or can be estimated with good 
accuracy. The estimation of fault location can be achieved by fault locators that can 
provide estimate for both sustained and transient faults. Despite their transient nature, 
as the supply can be restored normally, transient faults may cause minor damage in 
power system element or they may be a result of power system element aging and act 
as early warning for permanent fault, but evidences are not easily found during 
inspection. Fault locators help in those locations identification for deeper inspection, 
early repair and corrective actions to avoid fault recurrence and prevent the 
consequent major damages. [1] 
In transmission systems, and due to the high impact on system stability and 
the wider effect of faults within them, a lot of researches were performed and 
sophisticated instruments and methods were developed to help in identification of the 
faulty section and fault location and very fast and highly selective protection systems 
are usually installed, among these protection systems PMUs or phase measuring 
units achieved high accuracy faults location using either synchronised sequence 
measurement or synchronised phasor measurement. [2, 3]  
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On the other hand, fault location process in distribution systems, traditionally, 
did not involve any type of instruments dedicated for the fault location purpose, 
where visual inspection in the form of line patrolling was usually performed and 
sometimes line sectioning was  used to reduce the inspection area if the fault 
sustained but no evidence found. The traditional fault location technique is not 
recommended as it involves switching on fault that may lead to dangerous 
consequences in addition to the long downtime needed to locate the fault. 
Generally, fault location methods in distribution systems use a wide range of 
techniques that can be divided into the following four main categories [1, 4,5] 
 Traveling wave-based methods, which are based on the traveling 
waves analysis, usually use time domain information for determining 
the location of fault by applying signal processing techniques, the 
high frequency components of fault generated transients are extracted 
and used for fault locating and it involves some sort of transformation 
of the measured signal such as 
1. Wavelet transform 
2. Frequency domain analysis 
3. Cross-correlation technique 
4. Clark transformation 
 Fundamental frequency voltages and currents methods, un-like 
the previous category, these methods utilize the fundamental 
frequency voltage and current measurements to formulate equations 
that help in identifying the fault location.  
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 Impedance-based methods, which can be considered as part of the 
previous category. However, it is classified as different category as its 
ease of implementation made it the most popular among utilities  
 Knowledge-Based Methods, which can be further divided into:  
1. Artificial Neural Networks. 
2.  Matching Approach.  
3. Hybrid methods. 
Many challenges face fault location in distribution systems summarized as 
follows [4] 
 Fault generated signals are recorded solely at the feeding substation 
 Existence of several laterals 
 Non-symmetrical lines 
 Highly unbalanced operation 




1.2 Problem Statement 
Due to the higher dependence on electrical supply in modern life and the 
increasing costs of power interruption and down time caused by faults, the fault 
location techniques such as line patrolling and line sectioning, which were 
traditionally used in distribution networks became not acceptable. Many fault type 
and fault location methods were developed; among them, impedance-based methods 
are the most common, which are calculating the distance-to-fault from impedance-to-
fault and the system parameters. However, in presence of fault impedance, iterations 
are to be made to find the most plausible solution. The presence of arcs in 
distribution networks is usually accompanied with permanent faults, where the 
accurate identification of location is essential for fast isolation and faulty element 
corrective action implementation. 
1.3 Objectives of The Research 
The research is aimed at developing a new fault location method using line 
impedance technique and considering the presence of arc and its resistance, which 
will be achieved by: 
 Developing an algorithm for the detection of the presence of faults arcs 
from the voltage and current measurement utilising the established and 
tested methods. 
 Developing an algorithm for estimating the arc resistance when detected 
utilising the established and tested methods 
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 Utilising the established and tested method for fault location and combine 
it with arc detection and arc resistance estimation methods to develop the 
new method. 
1.4 Scope of The Research  
The scope of the research is as follows: 
 Building several models for radial distribution system in order to apply 
the method on them, starting from simple radial system with one section, 
adding sections effect by introducing sections with different parameters at 
the end of the line and finally a model for distribution systems with 
lateral. 
 Developing the fault location method. 
 Simulating several types of faults such as  
 Single phase, three phase 
 With and with-out fault resistance 
 With and with-out arcs 
 Applying the measurement taken from the simulation software for each 
case to the developed method to estimate the fault location and the 
method accuracy and make comparison with other method. 
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1.5 Expected Contributions 
The expected contributions of the successful development of the method are 
 Helping in differentiating between the permanent and transient faults. 




1.6 Thesis Outline 
The thesis will be divided into five chapters.  
Chapter One covers a brief introduction and background about faults and 
fault location methods, the objectives, the scope and the expected contributions of 
the research.  
Chapter Two contains the literature review on fault location methods, arc 
detection methods and arc resistance estimation methods.  
Chapter Three discusses the methodology employed in the method 
development and method evaluation including the software models used and their 
configuration in addition to the method development and its steps.  
Chapter Four covers the results presentation in tabular and charts forms 
added to the analysis and discussion of these result.  
Chapter Five summarizes the results, state conclusion and highlight 
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